T he Human Genome Project cost US$3 billion and took 13 years. Today, sequencing machines can churn through a whole human genome in days for a few thousand dollars, making personal genomics increasingly affordable. Two books, Kevin Davies's The $1,000 Genome and Misha Angrist's Here is a Human Being, chart the growth of personal genomics and examine its implications.
Davies, a biomedical journalist and founding editor of Nature Genetics, focuses on the scientific advances that are enabling more of us to map our genes. Angrist, a geneticist at Duke University, North Carolina, examines the personal and political consequences. Both agree that more scientific work is needed to improve the usefulness of genome data for health care, and that this will require sharing data with researchers. Neither says much about how this might be achieved in practice, or how people's concerns about genomic privacy and security can be overcome.
Davies focuses on the developments that replaced automated versions of Sanger sequencing with second-generation, highthroughput machines. He explains the science that underpins the massively parallel, miniaturized approaches used and gives a glimpse of future developments. He acquaints us with DNA microscopes, nanopores and ion sensors, techniques that are vying to form the basis of third-generation sequencers that might deliver whole genomes in a few minutes for a few hundred dollars.
Angrist is a part of the Personal Genome Project, an ambitious plan to sequence human genomes and make them freely available on the Internet. The project has two underlying principles. First, genome information is most useful when linked to other, phenotypic information about an individual's medical records or family history. Second, it is misleading and unrealistic to guarantee participants' genomic privacy. As Angrist points out, DNA is the ultimate identifier, particularly when it is linked to detailed personal information.
Attempts to sanitize genome data are fraught with difficulty. Angrist discusses James Watson's genome, one of the first to be made public. Watson stipulated he did not want to know if he was at an increased risk of Alzheimer's disease, so asked for the sequence data for the relevant gene, ApoE4, to be removed before publication. But this proved futile; researchers showed it is easy to deduce ApoE4 status by studying the sequence on either side of that gene.
Participants in the Personal Genome Project were given the opportunity to leave out some of their genome data, but most did not. They took part with the expectation that their genomes would become public currency and were warned of the implications. For instance, genetic information might be used to infer paternity, to adversely affect employment or insurance situations, or even to make synthetic DNA that could be planted at a crime scene. Angrist describes how he agonized over going public with his own genetic and medical record, including a family history of breast cancer that might raise future concerns for his two daughters.
Each book discusses the growth of 'spit-kit' companies that offer genome analysis through direct-to-consumer testing. For a few hundred dollars, companies such as 23andMe, Navigenics and Pathway Genomics will analyse a sample of your DNA and provide a report. They also allow you to compare your genome against a maintained online database of sequences and associated traits, from the trivial to the potentially life-changing.
The debate continues as to whether consumer genetic tests should be more closely regulated, with questions about the veracity of the tests and how they should be offered: are the links between the genetic markers and the associated traits robust enough to allow reliable probabilistic assessments? Can these lead to useful health interventions or lifestyle changes? Are consumers or their physicians sufficiently informed to interpret genome information in a meaningful way? Neither book draws hard and fast conclusions. Everyone agrees that the coming deluge of genome data will need to go.nature.com/ugle41 be linked to information about an individual's health, environment and family background. However, the use of genome data in research raises privacy and confidentiality issues. The Personal Genome Project model that Angrist describes represents one end of a spectrum. Its participants are advocates of biomedical research, actively involved in the field and able to understand the possible consequences of having their data posted online.
Direct-to-consumer testing is nearer the other end of the spectrum. Each consumer's genome information sits on a secure server maintained by the testing company, and it is up to each person how they share it. The popularity of this approach suggests that people trust the companies to hold their information and like being in control of who can see it. The downside is that the information is less accessible to researchers.
The challenge will be to reconcile people's concerns about genomic privacy and security with the need to allow researchers and clinicians data access. If personal genomics is offered largely by consumer testing, the onus will be on the companies to engage their customers in research projects that improve understanding of how our genomes influence health. Some have started to do this. For instance, 23andWe -the research arm of 23andMe -recruits customers into research projects on pharmaco genomics, Parkinson's disease, sarcoma and aspects of pregnancy.
Alternatively, national or regional health-care systems concerned with disease prevention may offer genomic tests on a more systematic basis. A possible model might be the UK Biobank, which has recruited more than 500,000 people in a study to see how health is affected by lifestyle, environment and genes. Participants divulge medical and lifestyle information and donate biological samples from which researchers can generate gene sequences. The success of the project to date is largely a result of creating a robust, independent framework for ethics and governance, recruiting participants through trusted intermediaries (their physicians) and sharing the data with researchers in a form that hides the identity of individuals.
No amount of data will be useful if you can't interpret what they mean. We are reaching the point at which the cost of interpreting genome information will exceed the cost of generating it, so the challenge ahead will be to make more sense of the data we already have. We will also have to answer the question of whether genome data are personal, in that they are paid for and controlled by individuals, or whether such data are medical, being funded by and accessible to health-care systems. T he familiar metallic taste of blood was explained scientifically only in the mid-eighteenth century. An Italian chemist and physician in Bologna, Vincenzo Menghini, roasted the blood of various birds, fish and mammals, including humans. He powdered the residue and passed a naturally magnetized lodestone close to the dried blood particles. Some were magnetically attracted, suggesting the presence of iron.
Science writer Hugh Aldersey-Williams successfully repeated Menghini's experiment in his kitchen using blood from chicken livers, a low oven and a moderately strong magnet. But why, he asks, did Menghini imagine that iron would be present in blood? The physician must have known that people with blood disorders were sometimes advised to take iron salts. In the sixteenth century, a principal iron ore was named haematite -the prefix 'haem' being derived from the Greek for blood. Western alchemists paired iron with the red planet Mars. The original connection between iron and blood seems to date to the Romans, who associated the two in their cult of the war god Mars.
Other entertaini ng e l e me nt ar y experiments conducted by the author involve phosphorus and iodine. Doubting the claim that rotting herrings emit light, he left some decaying fish in his garage. Two nights later, he observed the phosphorescent "glowing of the lifeless herring", mentioned by twentieth-century writer W. G. Sebald. Using local seaweed, AlderseyWilliams also prepared an intense violet vapour and black crystalline condensate of iodine. Here, he notes, he followed the poet Johann Wolfgang von Goethe, who in 1822 demonstrated iodine vapour and crystals for house guests in support of his controversial theory of colours.
For all its technical accuracy, Periodic Tales is neither a book of experiments nor a science book. Aldersey-Williams eschews the territory covered, for example, by Peter Atkins in The Periodic Kingdom (Basic Books, 1995) . There are few references to atomic weight and atomic number, scarcely any chemical formulae and nothing on electrons and orbitals. There is no up-to-date periodic table among the quirky illustrations, merely the handwritten version created by Dmitri Mendeleev in 1869. Instead, the book is a cultural history of some of the chemical elements, dwelling on both their material presence in our lives and their figurative presence in art, literature, language, history and geography. Thus we come to know the elements individually, argues Aldersey-Williams, who regrets that his own formal chemistry education did so little to acknowledge such a "rich existence". So do I. 
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